The analytical potential of the reaction of ammonia with o-phthalaldehyde mercaptoethanol reagent at pH 7 (an atypical fluorescence) has already been demonstrated. This, coupled with additional findings reported here, has led to an ammonia determination well suited to nitrogenase studies. As a result, large numbers of samples can be rapidly analyzed by high-pressure liquid chromatrography methods under mild conditions and without prior microdiffusion. Neither sodium dithionite (or other components of the usual nitrogenase assay), nor alternative substrates (cyanide, azide, methyl isonitrile), nor their products (methylamine, dimethylamine, hydrazine) interfere. High-pressure liquid chromatography showed that the fluorescent "product" of the o-phthalaldehyde mercaptoethanol reagent-ammonia reaction was, in fact, more than just a single compound. Despite this, once the proper solvent composition was found, high-pressure liquid chromatography with a small inexpensive C18 "guard" column proved quite fast and reproducible for this measurement. Fluorescence response to ammonia was linear to at least 40 nmol/ml. A previous problem, long-term stability of the fluorescence, was solved by running the reactions in the dark. Background ammonia in the buffer could be substantially reduced by an analogous o-phthalaldehyde mercaptoethanol reagent reaction, using t-butyl mercaptan, and solvent extraction.
The determination of small amounts of ammonia is a continuing problem at laboratories studying nitrogen-fixing bacteria. In our current studies on nitrogenase reactions with alternative substrates, it is common to run 40 to 80 ammonia assays in the course of a day's experimentation. The DABSYL technique we utilized for the high-pressure liquid chromatography (HPLC) determination of methylamine and ammonia (3) circumvented the laborious microdiffusion step common to the older colorimetric methods (e.g., Nessler, phenol-hypochlorite). This approach was still slow, required the dithionite present to be destroyed, and was not compatible with azide, one of the nitrogenase substrates we wanted to study.
To be of use, any new method had to be compatible with the components and products of our nitrogenase reactions.
These include (1) dithionite, sulfite, ATP, ADP, phosphate, the nitrogenase proteins, creatine phosphate, creatine phosphokinase, Mg2 , and N-tris(hydroxymethyl)methyl-2-aminoethanesulfonic acid buffer, as well as alternative substrates such as cyanide, azide, and methyl isonitrile and their products, methylamine, dimethylamine, hydrazine, etc.
Fluorescence methods involving o-phthalaldehyde and a thiol (OPT), usually mercaptoethanol, have been used to determine ammonia in several situations (2, 4, 9) and at levels appropriate to our needs. Usually the OPT reaction is run at pH 9 to 10 and the fluorescent product has Xexcitationl Xemission of ca. 350/450 nm for amino acids, primary amines, or ammonia (2, 4) . The products appear to be isoindoles, based on chemical and spectral evidence (7, 8) . However, at ca. pH 7, the reaction of OPT with ammonia leads to a "product" with different fluorescence properties (Xexcitation/ Xemission of 410/472 nm), allowing it to be measured with only slight interference from primary amines and amino acids (9) . Because it is successful on biological materials and requires no microdiffusion (5, 9) (9) . This additional thiol, however, had no effect on the response to ammonia and might allow more tolerance to potential interfering substances.
Purified buffer. A solution of o-phthalaldehyde (100 mg) and t-butylmercaptan (70 ,ul) in ethanol (25 ml) was added to 450 ml of 0.2 M potassium phosphate, pH 7.3. After the solution was stirred for 2 h, it was transferred to a separatory funnel and extracted with ethyl acetate (75 to 100 ml). The treatment with OPT was repeated, and this time the extraction was done four times (ethyl acetate) and then twice with pentane (to remove the ethyl acetate). This buffer was stored cold and was stable for at least 1 month. Residual ophthalaldehyde was less than 0.03 mg/ml as estimated by UV absorption.
Assay procedure. The reactions were run in 3.5-ml vials without caps. The vials were cleaned for 2 h in a nearly boiling solution of Micro cleaning agent (International Products Corp., Trenton, NJ); they were rinsed well with demineralized water and then ethanol and oven dried.
The solution to be analyzed (25 ,ul) was added to 1.0 ml of the OPT reagent, and the reaction was allowed to proceed for about 60 to 100 min (time beginning after mixing the first sample). An inverted box served to exclude light as well as atmospheric contaminants. Even though full fluorescence is attained in ca. 30 min, the additional reaction period allowed time for mixing all of the samples before starting to chromatograph them. Samples (25 ,ul) were taken for HPLC. Measurement of the peaks was by height. Standards and appropriate controls were run each time.
RESULTS AND DISCUSSION
A preliminary examination showed that the components of the usual nitrogenase assay mixture (1) would pose no problem in the OPT determination of ammonia. In arriving at the final working procedure, several problems and points had to be dealt with; these are discussed below.
Rapid HPLC measurement of the product. Our previous work on the determination of methylamine (6) showed that its OPT product could be separated and measured on a C18 column, using reversed-phase HPLC. Further, we had found that a small C18 guard column (usually used to protect an expensive, full-sized HPLC column) resulted in much faster analysis (e.g., 1 min). It seemed obvious to try these techniques for ammonia also. Once the solvent system was worked out (see below), this inexpensive column performed well for the desired ammonia-OPT analysis, requiring only about 35 to 40 s per sample (Fig. la) . This was faster than the conventional batch measurement that uses a cuvette, which has to be cleaned and refilled after each measurement.
Peak (Fig. 2) .
The small "prepeak" (Fig. la) intense, indicating that substantial nonfluorescent material was eluting here.
For comparative purposes, a chromatogram from an actual enzyme assay run is shown in Fig. lc . The only difference between this and a run with pure ammonia (Fig. la) is a slight increase in the size of the prepeak.
The "product" of the reaction. While experimenting with solvent combinations for the column method, it was apparent that more than one fluorescent product resulted from the reaction of ammonia with OPT (Fig. lb) . All of the major peaks seemed to grow in at the same rate as the reaction progressed and showed the same lability with light. By increasing the proportion of acetonitrile (e.g., see Fig. la of the products was beyond the scope of this study, but certainly the spectral data of Taylor et al. (9) for the mixture is atypical of the usual isoindole (5) .
Stability of the fluorescent product. Taylor et al. (9) report that the fluorescence increases for about 30 min and then is stable for up to 60 min. In our hands it was stable for only 10 to 20 min after peaking and then slowly decayed. Optimally, a method should either involve a rapid reaction so that the product could be measured (chromatographed) almost immediately on mixing or it should form a stable product which could be measured later after mixing and reacting all samples. Since our reaction is slow, stability became an important factor.
Fortunately, we found that the above instability was caused by light; by running the reactions in the dark, total fluorescence stability was maintained for at least 6 h (Fig. 3) . Light lability is a known problem in isoindole chemistry (7), a point possibly overlooked by previous workers.
Reducing the background ammonia. The buffer prepared with demineralized water and reagent-grade salts yielded OPT reagent with a fluorescence corresponding to an ammonia concentration of 5 to 7 nmol/ml. Since this level restricts the lower limit of ammonia that can be successfully measured, a way was sought to lower it. One simple method was to prereact the buffer with OPT reagent and extract the soluble (4) fluore,scent adduct into an organic solvent (ethyl acetate). Rather than mercaptoethanol, it seemed expedi- tious to use a thiol which would also be completely extracted under the same conditions, leaving only buffer as the aqueous phase (the excess phthalaldehyde would be extracted also). The resulting buffer could then be used to prepare the actual OPT reagent. The effect of this pretreatment, using t-butylmercaptan as the thiol, is summarized in Table 1 . As can be seen, the background ammonia can be reduced substantially, two such treatments being better than one prolonged one.
Examination of other compounds for potential interference. The normal level of components in a typical nitrogenase assay reaction (1), including the EDTA used to terminate the reactions, did not affect response to ammonia. However, they did add substantially to the background level, a 25-,ul sample contributing about 1 nmol of ammonia.
The alternative nitrogenase substrates we are studying as well as their reduction products were also tested for possible interference in the ammonia assay. The purpose was to see if they would (i) affect the response of the OPT reagent to ammonia and (ii) contribute significantly to the "background" fluorescence. The following (solutions) were tested: sodium azide (10 to 50 mM); methyl isonitrile (10 mM); sodium cyanide (5 mM); hydrazine (1 mM); methylamine (1 mM); and dimethylamine (1 mM). The test solution (25 ,ul) was reacted with the OPT reagent (1 ml), and the results were compared with those with water (as 0%) and 1 mM ammonia (as 100%). These substances, at most, contributed no more than 0.5% to the background fluorescence (usually much less) and did not affect the response to ammonia. RI of OPT per ml) was not even explored. The ultimate limit of the method is dictated by the background level of ammonia in the reagent itself, ca. 0.5 nmol/ml ( Table 1) . The lower useful limit in any particular case, however, depends on the total background present. In ours, the enzyme assay mixture is ca. 0.04 mM in ammonia, and thus a 25-pd sample contributes an additional nanomole for a total of 1.5 nmol of background per ml in the solution being chromatographed.
Samples could be injected in the chromatograph as soon as the main peak from the previous sample had begun to 
